Ui;CLASSIFIED 
sEcuanv  n  aco- 


ms  niE 


1».  REPOf 

UNCLA 

2a.  SECUR 


AD-A208  289 


CUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


1  3.  DISTRIBLmON/AVAILABIUTY  OF  REPORT 


2b.  OECLASSVnCATIONyOOWbKSRAOVMa  SCHEDULE 


4.  PERFORMrJQ  ORGANIZATION  REPORT  NUMBER  (S) 


Approved  for  public  release;  distribution  is  uniimited. 


5.  MONTTORMO  ORGANIZATION  REPORT  NUMBER(3) 


6a.  NAME  Of-  :=ERFORMWa  OHGAbSZATlON 
Naval  C.'can  Systems  Center 


6c.  ADDRESS  |C#'.SM*a«;2r0a*J 


7a.  NAME  OF  MONn’ORTJG  ORGANIZATION 


7b.  ADDRESS  |C^.SMinSZPCo*; 


San  Diego.  CA  921S2-5000 


8a.  NAME  CP  FUNDMQ/SPONSORMQ  ORGANIZATION 
Naval  Ocean  Systems  Center 


8c.  AOOREbS 


».  PROCUREMENT  IMSTRUMENT  DENTFICATION  NUMBER 


to.  SOURCE  OF  FUNDMG  NUaffiERS 


PROGRAM  ELEMENT  NO.  PROJECT  NO.  TASK  NO. 


AGENCY 
ACCESSION  NO. 


San  Diego,  CA  92152-5000 


tt.  TITLE  QifMbhna^niiillreinii) 


In-house 


SILENCE  AS  AN  ANTIPREDATION  STRATEGY  BY  WEDDELL  SEALS 


t2.  PERSONAL  AUTHORtS) 


J.  A.  Thomas,  L.  M.  Perm,  V.  B.  Kueehle 


13a.  type  of  report  130.  TTME  COVERED 

Professional  paper  from 


16.  SUPPLEMENTARY  NOTATK3N 


t4.  DATE  OF  REPORT  (* 

March  1989 


17.  COSAT1  COOES 


SUB-GROUP 


18.  SUBJECT  TERMS  (Cmalaeaaa 

Weddell  seab 
leopard  seals 
killer  whales 


ymimittftfbMmMitm) 


10.  ABSTRACT  (CtmttMmmmmlH 


r  aar  Baeiy  ly  Mac*  laMaw) 


^In  McMuido  Sound,  Antarctica,  Weddell  seals  ^^tptony^VTerwfddnifpTtXam  to  traditional  breeding  colonies  on 
shorefast  ke  each  austral  spring.  This  fast  ice  provides  a  stable  platform,  over  a  2-month  period,  for  raising  pups  and  a  flxed 
location  for  establishing  underwater  mating  territories.  However,  it  also  may  prov^^otc^ioi^^m  predators,  ^l^ich  as  leopard 
seals '(Hy^rurga  Itptonyxyot  killer  whales ,^(Orefniu  orea).'Wedi!eD  seals  are* the  only  maitee  mammaTln  the  shorefast  ice  of 
McMurdo  Soi^  from  Octdbep  through  early  December  When  killer  whales  and  leopard  seals  arrive  in  mid-December,  they 
work  the  Ice  edge  for  available  prey,  especially  penguins >As  the  fast  ke  breaks  up,  leads  provide  access  to  nearby  Weddell  seal 
colonies. (Tbon^ct  al.  1981^1n  late  December, (IL^S^Coast G«ard>kebreakers  open  a  lead  for  entry  to  McMurdo  Station ‘(figr — ^ 
-nre-l>.  Killer  whales  and  leopard  seals  use  this  large  kad  and  Its  tributaries  to  move  closer  to  Weddell  seal  colonies,  ^ 

C>f-  TTc/^  ■'  T!',/  r-ok  c !  u  i-ide^uja-U^  toMs. 

Srcu^  -HirC'VVjf  pref-i^iK«i^  seo S(?»v  CcKlci  mfe_ 


o\ 


'  c^o  r 


•J  s^oJz,  iPyfd  g 


In  \P\S 

■-%> 


24  062 


Published  in  the  Antarctic  Journal  of  the  United  States,  1987  Review. 


20.  DISTRSUnON/AVALABajTY  OF  ABSTRACT 


21.  ABSTRACT  SECURITY  CLASSFICAT10N 


QuNCLASSWEDAJNLMTTEO  □  SAME  AS  RPT  □  DTIC  USERS  j  UNCLASSIFIED 


22a.  NAME  OF  RESPONS8LE  PERSON 
J.  A.  Thomas 


22&.  TELEPHONE  (MUbAwCb*) 
(808)  257-1654 


22c.  OFFICE  SYMBOL 
Code  512 


_ UNCLASSIFIED 

SECURITY  CLA8SFICAT10N  OF  THS  PAGE 


DD  FORM  1473,  84  JAN 


S3  APR  EDmON  MAY  BE  USED  UNTL  EXHAUSTED 
ALL  OTHER  EDITIONS  ARE  OBSOLETE 


UNCLASSIFIED _ 

SECURTTY  CLASSnCATION  OF  TH8  PAGE  {WmOttEUmi) 

I  19.  ABSTRACT  (ContlniMd) 


DD  FORM  1473,  84  JAN 


UNCLASSinED 

SECURrTY  CLASSIFICATION  OF  THIS  PAGE  (WIWIMlSM) 


Silence  as  an  anti-predation  strategy 
by  Weddell  seals 


Jeanette  A.  Thomas 

Naval  Ocean  Systems  Center 
Kailua,  Hawaii  96734 

Lisa  M.  Perm 

National  Marine  Mammal  Laboratory 
Seattle.  Washington  98115 

Valerian  B.  Kuechle 

Cedar  Creek  Bioelectronic  Laboratory 
Bethel,  Minnesota  55005 


In  McMurdo  Sound,  Antarctica,  Weddell  seals  (Leptonychotes 
weddelli)  return  to  traditional  breeding  colonies  on  shorefast  ice 
each  austral  spring.  This  fast  ice  provides  a  stable  platform,  over 
a  2-month  period,  for  raising  pups  and  a  fixed  location  for 
establishing  underwater  mating  territories.  However,  it  also 
may  provide  protection  from  predators,  such  as  leopard  seals 
(Hydrurga  leptonyx)  or  killer  whales  {Orcinus  orca).  Weddell  seals 
are  the  only  marine  mammal  in  the  shorefast  ice  of  McMurdo 
Sound  from  October  through  early  December.  When  killer 
whales  and  leopard  seals  arrive  in  mid-December,  they  work 
the  ice  edge  for  available  prey,  especially  penguins.  As  the  fast 
ice  breaks  up,  leads  provide  access  to  nearby  Weddell  seal 
colonies  (Thomas  et  al.  1981).  In  late  December,  U.S.  Coast 
Guard  icebreakers  open  a  lead  for  entry  to  McMurdo  Station 
(figure  1).  Killer  whales  and  leopard  seals  use  this  large  lead  and 
its  tributaries  to  move  closer  to  Weddell  seal  colonies. 

Leopard  seals  and  killer  whales  are  the  top  mammalian  pre¬ 
dators  in  the  antarctic  ecosystem  and  feed  opportunistically  on 
seasonally  available  species.  Leopard  seals  hunt  krill,  squid, 
fish,  penguins,  seabirds,  and  crabeater  seal  (Lobodon  car- 
cinophagus)  pups  (Siniff  and  Bengtson  1977).  Scars  on  78  percent 
of  adult  crabeaters  confirm  the  importance  of  this  species  in  the 
leopard  seal's  diet  and  the  occasional  ability  of  the  prey  to 
escape  (Siniff  and  Bengtson  1977).  When  crabeater  pups  wean, 
leopard  seals  also  are  present  in  the  pack  ice.  Weddell  seal  pups 
are  in  shorefast  ice  areas  when  they  are  weaned  (Thomas  and 
DeMaster  1984).  Whether  newly  weaned  Weddell  seals  also  are 
at  risk  of  predation  is  unknown.  The  absence  of  scars  in  Weddell 
seals  suggests  that,  if  such  predation  by  leopard  seals  occurs,  it 
is  highly  successful. 

Killer  whales  take  antarctic  cod,  penguins,  and  all  age  classes 
of  all  antarctic  seals  (Siniff  and  Bengtson  1977;  Thomas  et  al., 
1981).  Seals  do  not  have  scars  from  killer  whale  predation, 
which  testifies  to  a  high  success  rate  for  this  predator. 

Our  objectives  were  to  document  the  rate  of  underwater  calls 
from  Weddell  seals  throughout  the  breeding  season  and 
monitor  changes  in  this  rate  associated  with  the  arrival  of  pre¬ 
dators,  such  as  leopard  seals  and  killer  whales. 

Recordings  of  underwater  calls  at  the  Hutton  Cliffs  breeding 
colony  were  made  from  19  October  1977  through  14  January 


1978.  Recordings  were  made  automatically  every  hour  for  a 
duration  of  2.5  minutes.  With  this  time  interval,  we  stored  data 
from  a  24-hour  period  on  one  side  of  a  90-minute  cassette.  A 
battery-operated  Superscope  ClOl  A  cassette  recorder  (frequen¬ 
cy  response  0.20-1000  kilohertz)  and  a  digital  timer  were 
housed  in  an  insulated  box  and  warmed  with  chemical  heat- 
packs.  We  used  an  Interoceans  R130  hydrophone  (frequency 
response  0.03-10.00  kilohertz  ±1.0  decibels)  dropped  through 
a  sea!  breathing  hole  to  a  depth  of  6  meters.  A  tone  generated  by 
the  digital  timer  separated  each  hourly  recording  on  the 
cassette. 

We  counted  the  number  of  Weddell  seals  hauled-out  at  Hut¬ 
ton  Cliffs  each  day  from  October  1977  through  mid-Januaiy 
1978.  We  also  compiled  sightings  of  killer  whales  and  leopard 
seals  from  occasional  helicopter  flights,  other  investigators  in 
the  area,  and  icebreaker  logbooks.  Systematic  visual  surveys  for 
leopard  seals  and  killer  whales  were  not  conducted.  Rather,  we 
monitored  the  presence  of  these  predators  from  the  hourly 
recordings  of  their  underwater  sounds. 

In  the  laboratory,  one  of  two  researchers  listened  to  the  cas¬ 
settes  and  classified  sounds  as  from  Weddell  seals,  leopard 
seals,  or  killer  whales.  Weddell  seal  calls  were  divided  into  one 
of  ten  adult  call  categories  (mt,  mc,  mp,  mr,  mk,  mm,  me,  mg,  MH, 
MA)  and  a  single  pup  call  category  (MQ)  as  described  by  Thomas 
and  Kuechle  (1982).  Although  leopard  seals  (Stirling  and  Siniff 
1979)  and  killer  whales  (Jehl  et  al.  1980;  Thomas  et  al.  1981) 
produce  a  variety  of  sounds,  our  samples  were  too  small  to 
score  their  calls  into  categories.  For  each  hourly  sample,  the 
number  of  calls  in  11  Weddell  seal  categories,  one  leopard  seal 


Figure  1 .  Map  of  McMurdo  Sound,  Antarctica,  showing  Hutton  Clifts, 
the  fast  Ice  edge,  and  the  Ice  breaker  path  In  December  of  1977. 
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category,  and  one  killer  whale  category,  were  divided  by  2.5  to 
calculate  the  rate  per  minute.  Data  from  each  hourly  sample 
were  sorted  into  weekly  intervals  (starting  on  1  October  and 
ending  with  8  January).  Rates  of  calls  in  each  category  were 
plotted  against  weeks  of  the  study  and  the  period  of  sympatry 
of  all  three  species  was  idenHfied. 

Weddell  seals  are  highly  vocal;  during  the  peak  breeding 
period  we  sometimes  recorded  nearly  20  underwater  calls  per 
minute  at  the  Hutton  Cliffs  colony.  Around  mid-Decemter, 
when  mating  is  nearly  complete  and  pups  are  being  weaned,  a 
sudden  decrease  to  about  two  calls  per  minute  occurred.  Except 
for  the  MA  call,  all  adult  and  pup  (MQ)  calls  showed  this  decline 
(iigure  2).  This  decline  in  call  rate  may  not  be  solely  the  result  of 


Figure  2.  Mean  number  of  underweter  calls  per  minute  ( ±  95  percent 
confidence  interval)  for  types  of  aduK  Weddell  seal  sounds  (mt,  mc, 
sm,  am,  am,  aw,  am,  am,  aiH,  aia)  and  pup  sounda  (aio).  Stippled  area 
shows  period  of  sympatry  with  leo^rd  seals  and  killer  whales. 


the  end  of  breeding  and  subsequent  dispersal  of  adults  from  the 
colony.  This  decrease  in  the  number  of  calls  by  Weddell  seals  is 
concurrent  with  the  arrival  of  leopard  seals  and  killer  whales 
into  the  fast  ice. 

Data  on  hearing  abilities  in  Weddell  and  leopard  seals  are  not 
available.  Hall  and  Johnson  (1971)  found  the  most  sensitive 
hearing  in  killer  whales  to  be  between  2  and  32  kilohertz,  a 
range  which  brackets  the  sounds  produced  by  Weddell  seals. 
Because  they  all  produce  sounds  in  the  same  frequency  range 
(2-20  kilohertz,  it  is  likely  that  killer  whales,  leopard  seals,  and 
Weddell  seals  hear  each  other.  We  believe  that  the  decrease  in 
number  of  underwater  calls  is  an  ua;i  predation  atratcg}-  by  all 
age  classes  of  Weddell  seals  to  avoid  detection  by  killer  whales 
and  also  may  limit  detection  of  newly  weaned  Weddell  seal 
pups  by  leopard  seals. 

The  channel  cut  by  the  icebreaker  (figure  1)  allows  predators 
to  move  closer  to  Weddell  seal  colonies.  Although  we  did  not 
make  systematic  counts  of  killer  whales  and  leopard  seals  in 
1977,  Thomas  et  al.  (1981)  surveyed  this  area  during  the  austral 
spring  of  1981  and  reported  many  sightings  of  killer  whales  in 
McMurdo  Sound  in  December  and  January.  During  a  single 
flight,  they  saw  152  killer  whales,  with  an  estimated  50  animals 
in  a  single  herd,  including  calves  of  the  season.  In  January  1981 , 
Thomas  et  al.  (1981)  made  tape  recordings  of  killer  whales 
swimming  in  fast  ice  leads.  Killer  whales  produced  many 
sounds,  but  no  calls  were  heard  from  nearby  Weddell  seals. 

We  first  detected  sounds  from  killer  whales  about  10  De¬ 
cember  1977,  with  the  majority  produced  during  the  next  2- 
week  period.  On  the  average,  we  detected  about  one  call  per 
minute  (figure  3).  Many  killer  whales  were  sighted  in  December 
1977  near  the  ice  edge  or  leads  off  the  edge.  In  January  1978,  the 
icebreaker  channel  allowed  them  to  disperse  throughout  the 
Sound,  and  we  were  less  likely  to  detect  them  with  our  record¬ 
ing  system  at  Hutton  Cliffs.  This  may  explain  the  sudden  de¬ 
crease  in  killer  whale  sounds  in  late  December  (figure  3). 

Leopard  seals  were  detected  by  their  underwater  sounds 
from  late  November  1977  to  mid-January  1978,  with  a  peak  of 
about  3.6  calls  per  minute  around  mid-December  (figure  3). 
Leopard  seals  in  McMurdo  Sound  produced  the  same  sounds 
they  produce  near  Palmer  Peninsula  (Stirling and  Siniff  1979).  In 
general,  sightings  of  leopard  seals  were  in  pack  ice,  rather  than 
fast  ice.  However,  because  underwater  sounds  travel  long  dis¬ 
tances,  Weddell  seals  at  Hutton  Cliffs  probably  heard  sounds 
from  leopard  seals  near  the  fast  ice  edge  (about  20  kilometers 
away).  Unlike  killer  whales  which  use  leads  to  approach  a  Wed¬ 
dell  seal  colony,  leopard  seals  can  swim  long  distances  under 
fast  ice  and  haul  out  through  breathing  holes  in  the  Weddell  seal 
colony.  As  a  result,  the  detection  of  distant  leopard  seal  calls 
may  be  enough  of  a  threat  for  Weddell  seals  to  stop  vocalizing. 

During  the  austral  spring,  all  antarctic  marine  mammals  are 
vociferous.  Predators,  which  do  not  have  to  avoid  detection 
unless  they  are  pursuing  prey,  have  relatively  large  sound  re¬ 
pertoires.  For  example,  leopard  seals  produce  five  types  ot  sonic 
sounds;  these  include  buzzes,  pulses,  and  frequency-modu¬ 
lated  sweeps  (Stirling  and  Siniff  1979)  and  perhaps  three  types 
of  ultrasonic  sounds  (Thomas  etal.  1982).  Killer  whales  generate 
a  variety  of  sounds  over  a  broad  frequency  range,  including 
pulses,  buzzes,  screams,  and  whistles  (Jehletal.  1980;  Awbrev 
et  al.  1982). 

For  a  prey  species,  the  number  of  sounds  and  their  use  is  a 
compromise  between  the  need  to  communicate  with  con- 
specifics  for  breeding  and  the  need  to  avoid  detection  by  a 
predator.  The  most  vulnerable  prey  species,  the  crabeater  seal, 
produces  only  a  single  call  (Stirling  and  Siniff  1979).  Its  simple 
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sound  repertoire  also  is  associated  with  seasonal  monogamy 
(Siniff  and  Bengtson  1977).  In  contrast,  polygynous  Weddell 
seals  have  34  underwater  sounds, (Thomas  and  Kuechle  1982). 

^We  hypothesizeiiMhat  if  fast  ice  provides  Weddell  seals  a  refuge 
from  predators  during  breeding,  then  Weddell  seals  can  risk 
advertising  and  defending  underwater  mating  territories  with 
loud  sounds.  jWeddell  seals  also  can  afford  a  variety  of  airborne 
calls  irtsurfSce  pupping  colonies  and  probably  developed  a 
laige  call  repertoire  due  to  their  polygynous  social  system. 

'>However,  when  the  fast  ice  habitat  no  longer  provides  isolation 
from  predators,  Weddell  seals  become  silent  to  prevent  detec- 
tion_^  We  suggest  that  Weddell  seals  have  adapted  the  timing  of 
reproductive  events  and  abundant  calls  to  precede  the  breakup 
of  fast  ice  and  subsequent  intrusion  of  predators. 

This  work  was  supported  in  part  by  National  Science  Founda¬ 
tion  grants  DPP  77-21946  and  DPP  77-21646. 
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